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ABSTRACT
The average log size in many parts of the world is get-
ting smaller and it is becoming increasingly time consum-
ing and expensive to individually scale each log. Truck
scaling of various forms, including the use of weigh-
bridges, is becoming increasingly popular.
Understanding the factors affecting the accuracy of
weighbridge systems is vital if measurement errors are to
be minimized.  We used a mixture of interviews with weigh-
bridge operators, suppliers and government weights and
measures staff in New Zealand along with experiments
on a small set of weighbridges to identify, and where
possible quantify, the most important factors affecting
weighbridge accuracy.   In our paper we have broken
down the sources of variation into mechanical, environ-
mental, truck, human and system-related.  It is difficult to
put a figure on the possible magnitude of these com-
bined sources of variation, however, interviews, experi-
ments and calculations show that it could be as much as
4% of the payload weight - although it is likely that some
sources of variation will act in opposite directions and
cancel each other out.
Keywords:  truck-scale, weigh-scaling, weighbridge er-
rors, forestry, accuracy.
INTRODUCTION
A credible weight system is essential for any industry
using the measurement of weight as a benchmark for sale
of a product.  In the forest industry a number of different
approaches to selling wood by weight can be found.
Approaches include: sale solely by weight, sale by weight
with an adjustment for moisture content of the wood, and
sale by volume based on a weight-volume conversion
factor (weigh scaling).
Buying/selling logs solely by weight is used in some
parts of the southern USA.  It encourages landowners
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and timber harvesters to get timber to a mill quickly, be-
fore it loses moisture and thus weight. Mills purchasing
timber benefit from fresher, although heavier logs too,
because they contain less stain and decay and fewer wood
destroying insects [7].
The Chilean forest industry buys/sells pulplogs by
weight after an adjustment is made for moisture content
of the wood.  It is estimated that approximately 80% of
Chilean pulpwood (~30 % overall wood hauled) crosses a
weighbridge [12].  Obtaining the adjustment factor for
moisture content requires less effort than obtaining the
volume conversion factor for the next method (weigh scal-
ing).
Volume is one of the key metrics used by forest grow-
ers in many parts of the world to determine wood fiber
quantity for harvesting, stand production estimates and
log sales. Weigh scaling is the use of weight to gain the
equivalent volumetric measure using weight-to-volume
conversion factors.
Weigh scaling is used extensively in North and South
America, New Zealand, Australia, Scandinavia and Eu-
rope.  In New Zealand, it is estimated that 85% of logs are
measured using weigh scaling [8].  Over 95% of the tim-
ber harvested in the interior of British Columbia is weigh
scaled [2]. Weigh scaling is becoming increasingly popu-
lar in the United States of America; particularly in the
Southeast states where pulpwood transactions by weight
are the standard in the industry [9].
In “Procedures for the Measurement of Roundwood”
it is stated that, when using a weigh scale system, indi-
vidual truckloads of wood could be expected to be within
10% of true volume 95% of the time [10]. It is also noted
that “accuracy increases as more truckloads are meas-
ured because the errors cancel out. With many truck-
loads, weigh scaling generally achieves volume estimates
within 2% of true volume” in New Zealand.
The British Columbia “Scaling Regulation” implies
“that for a weigh scale system, 95% of the time the esti-
mated volume in one year will be within 1% of the actual
volume (which is the same as within 1% of the volume
you would determine if you scaled every piece)” [2].
Part of the “error” in weigh scaling systems will be due
to the sampling method used to determine volume con-
version factors.  Another source of error will be due to
errors in determining payload weights.  This paper does
not deal with sampling method “errors” in further detail.
Whether weight, or volume calculated from a weight
measure, is used as a basis for payment, the accuracy
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and integrity of a weighing system is critical to both the
buyer and seller. If the weighbridge system records pay-
load weights that are too high, the buyer will be paying
for wood that he/she is not receiving. If, however, the
weighbridge is under weighing, the forest owner will be
missing out on potential revenue. This can, and has, pro-
duced major sources of conflict between forest owners
and wood users in the forest product industry in various
parts of the world.
The purpose of this paper is to identify the sources of
variability of weights from weighbridges and determine
how these can lead to potential measurement errors within
the forest industry. The paper uses data collected from
several weighbridges used by some companies in New
Zealand. Although this paper is based on limited New
Zealand experience, in general terms the results are rel-
evant to forest companies operating weighbridges in other
countries, as well as to other industries that use weigh-
bridges to obtain a measure of quantity.
Weighbridges and Weighing Systems
Weight as a measure of a quantity has several benefits.
Unlike volumetric measurement, weight can measure quan-
tity without the use of a correction factor for the materi-
al’s bulk density, weighing does not require contact with
the material and with the correct system weighing is fast,
accurate and objective, particularly in long-run situations
where errors in individual measurements can be neglected
[11].
Weighing systems can take several forms but the most
common design includes one or more load cells that sup-
port (or suspend) a platform (or weigh vessel), a junction
box, and a weigh controller. When a weight is applied to
the platform, a portion of the load is transmitted to each
load cell. Each load cell sends an electrical signal to the
weigh controller via the junction box which sums the sig-
nals from a number of cells. The weigh controller con-
verts the summed signals to a weight reading [3].
One of the most common weighing systems used in the
bulk transportation industry is the weighbridge. Weigh-
bridges are used throughout the world as a way of quickly
assessing the weight that a truck or train is carrying.
A weighbridge is, ideally, built to weigh a fully loaded
truck in a single weighing with a high degree of accuracy.
This can sometimes be difficult in the forestry industry,
particularly for off-highway operations where “over-
weight”, “over-length” loads can weigh over 100 tonnes
and be over 45 meters long with triple trailer configura-
tions.  Weighbridges rated up to 60 tonnes and 21 meters
or less in length are more likely to be used for on-high-
way legal loads.
The weight of the payload, including the weight of the
truck, is measured by first driving the truck onto the weigh-
bridge; this weight is referred to as the gross weight. To
obtain the weight of the payload (the net weight) the tare
weight (the weight of the empty truck) must then be sub-
tracted from the gross weight.
Inaccuracy in payload weights can be created by either
inaccurate gross weights or variability between the tare
weight of the truck and the actual weight of the truck
(gross weight minus payload) at the time of gross weigh-
ing. The latter can be minimized by re-tareing the truck
immediately before the truck is loaded or immediately af-
ter the truck is unloaded. This is common practice in in-
dustries where the weighbridge is close to either the load-
ing or unloading area; for example, in a quarry or milk
factory.
Due to large distances between the loading site, weigh-
bridge and unloading site or large daily usage of weigh-
bridges (e.g., one of the major forestry weighbridges in
New Zealand handles over 500 loads per day), the proc-
ess of tareing in and out is sometimes impractical in for-
estry.  Instead some weighbridges in the forestry indus-
try use a system of stored-tare weights.
The stored tare weight system works by re-tareing
trucks at either a regular time interval, which in the New
Zealand forest industry ranges from 1 week to 12 months,
or at the next available opportunity after the time interval
is up. An alternative approach is to use a “random time
within a window”; for example, within a 2 week window at
the end of a one-month interval.  In some cases, the stored
tare weight may have been measured on a different weigh-
bridge to the one where the gross weight is obtained.  We
recognize that a stored weight system may be impractical
in regions where ice and snow may be present in winter
months, sometimes adding tonnes to the truck weight.
At this stage in the paper, it should be noted that stored
tare weight systems are illegal, or at least limited in how
they can be applied, in a number of countries and in some
states within the USA.  They are more likely to be used as
the basis for internal transfer payments within a forest
enterprise or where there is a special agreement between
buyer and seller.
This weighing system, combined with the environment
in which weighbridges operate within the forestry indus-
try, can mean that both the gross and tare weight may be
subject to several sources of variation leading to inaccu-
rate payload weights.
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SOURCES OF VARIATION
While platform weighbridges can be said to give the
highest levels of accuracy for vehicle weights (compared
with single axle weighbridges or portable wheel axle weigh-
ers) no weighbridge can ever be totally accurate all of the
time [4]. Sources of variation effecting gross, tare and
stored-tare weights can be split into five main categories;
mechanical (to do with the weighbridge), environmental,
truck-related, human and system related.
Mechanical Variation
When weighbridges are being tested and legally
stamped for approval it is recognized that they are com-
prised of mechanical and electronic components, which
have inherent variability.  The weights and measures laws
of various countries and states specify the maximum level
of deviation in reading that is permitted from known test
weights. For example, for vehicle loads in New Zealand
between 10 and 40 tonnes it is +/-40 kg.  As a comparison,
the US National Institute of Standards Handbook 44 speci-
fies an acceptance tolerance of 0.1% (e.g. +/-40 kg on a 40
tonne load) [13].
Repeatability Tests
Two sets of tests were carried out on two different
weighbridges (bridges A and B) in the North Island of
New Zealand to provide a general indication of the vari-
ability in readings that can occur given that the same
weight is repeatedly applied to the weighbridge.  Both
weighbridges A and B were made up of a large rear plat-
form and a smaller front platform. Weighbridge A had
four digital load cells supporting the front platform sec-
tion and four digital load cells supporting the rear sec-
tion.  Weighbridge B had four digital load cells support-
ing the front section and eight digital load cells support-
ing the rear section.  Each weighbridge provided a single
combined reading, to the closest 20 kg, from both the rear
and front platforms, if used.   Both weighbridges A and B
were checked, using standard test weights, a week after
the repeatability tests were completed and found to be
within legal tolerances; that is, within +/- 40 kg.
The first set of tests was carried out to measure the
variability caused by different truck locations on the large
rear platform of each weighbridge.  Two vehicles were
used in this test; a gravel truck weighing approximately
31 tonnes when loaded and a fire-truck weighing approxi-
mately 10.5 tonnes when loaded.  It should be noted that
the fire-truck tests on weighbridges A and B were done
on different days and with slightly different loads.  Tests
on individual trucks and weighbridges were done in a
timely manner so that fuel usage should not have been a
significant factor.
The fire-truck was first weighed with the rear axle on
the rear end of the rear platform. The truck was then driven
off the bridge to allow the bridge to return to zero; it was
then moved forward and reweighed with the rear axle one
meter closer to the front of the bridge. This was repeated
until the front axle of the truck was level with the front of
the rear platform.  A 60 kg difference was found in the
readings depending on where the truck was located for
Bridge A (Figure 1) and 20 kg for Bridge B (Figure 2).  The
same test was repeated on Bridge B using the 31 tonne
gravel truck. In this case the variation in reading was
found to be 40 kg (see Figure 3).
Figure 1.   Effect of fire truck location on Bridge A.
(“R + 3” = Rear axle is 3 meters forward from the rear end of the weighbridge platform)
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The second set of tests was carried out to measure the
variation in multiple readings obtained for the same truck
measured in the same location on each bridge.  The fire
truck was repeatedly measured; twenty-one times for
bridge A and sixteen times for bridge B (Figures 4 and 5).
In both cases the front axle was located on the front plat-
form and the rear axle on the rear platform. Between meas-
urements the truck moved off the bridges to allow them
to re-zero.  Limited availability of both the fire-truck and
bridge B precluded us from having the same sample size
for both bridges.
It was found that for Bridge A there was a 60 kg varia-
tion in readings of the rear platform and a 20 kg variation
in readings of the front platform. For Bridge B there was a
40 kg variation in the readings of the rear platform and a
20 kg variation in the front platform. Overall there was an
80 kg and 60 kg variation in the combined platform read-
ings for Bridges A and B respectively. Once again this
test was repeated on Bridge B using the 31 tonne gravel
truck. Over the sixteen repeat measurements (Figure 6)
there was a 40 kg variation in the readings of both the rear
and front platforms, as well as the combined platform
readings.
Figure 2.   Effects of fire truck location on Bridge B.
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Figure 3.   Effect of gravel truck location on Bridge B.
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Figure 4.   Repeatability tests - Bridge A - Fire Truck.
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Figure 5.   Repeatability tests - Bridge B - Fire Truck.
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Figure 6.   Repeatability tests - Bridge B - Gravel Truck.
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Drift in accuracy with time
Interviews with staff from three New Zealand weigh-
bridge testing and maintenance companies found that
poorly maintained weighbridges have been tested where
readings were grossly inaccurate; e.g., an error of over
two tonnes (~5% on a 40 tonne load).  One of the compa-
nies indicated that a drift of +/-1% was not unexpected
for a well-maintained bridge over a twelve-month period.
The frequency of maintenance and testing of weigh-
bridges is covered later in the section on Systems-Re-
lated Variation.  It is important to note at this stage, how-
ever, that weighbridges do drift out of calibration and
that the same load may give different readings on differ-
ent weighbridges.
As an indicator only of the size of these differences,
mention is made of three small (poorly-replicated) tests
that were done over a six-month period on four nearby
weighbridges; A and B referred to above and two addi-
tional bridges, C and D.  In the first test, calibrated test
weights totaling 23 tonnes were placed on weighbridges
A, C and D. All of the weighbridges weighed low and
gave readings which ranged from 20 kg to 300 kg under
weight.  In the second test, 23 tonnes of calibrated test
weights were placed on weighbridges B and D. One bridge
weighed 20 kg under weight and the other bridge 60 kg
over weight.   In the final test, the 23 tonnes of test weights
were placed on a truck (total weight of truck and test
weights unknown but approximately 41 tonnes) and
weighed on weighbridges B, C and D.  The three weigh-
bridges varied in readings by 200 kg (~0.5%).
Environmental Variation
Most weighbridges in the forestry industry are open
to the environment. Environmental factors such as mois-
ture and dirt, wind loading, shock loading, vibration and
large temperature changes can produce errors in the load
cell observation, thereby producing incorrect measure-
ments.
Moisture and dirt
If a weighbridge is not regularly maintained a build up
of dirt can affect the electronics, increase the wear on the
metal components of the load cells, and physically stop
the bridge settling as far as it should with a loaded weight.
Interviews with weighbridge operators indicated that
mud build-up on logging trucks can add 300 to 500 kg of
extra weight depending on the truck configuration.  A
truck weighed on a wet day can weigh significantly more
that if it was later re-weighed during a dry period.
To test the hypothesis that trucks on wet days weigh
more than trucks on dry days, seven trucks were ran-
domly selected for analysis. The selected trucks included
a range of both on-highway and off-highway configura-
tions. For a five-month period, spanning from mid-winter
to early summer, tare weight data, along with the com-
ments on whether the day was wet or not was collected.
Table 1.   Effect of Wet Weather on Truck Tare Weights.
Truck Wet Days Dry Days
Mean Mean
Weight Number of Weight Number of Difference
(tonnes)  measurements  (tonnes) measurements  (kg)
A 37.35 6 37.02 8 330
B 36.34 9 36.17 18 170
C 16.42 3 16.29 9 130
D 16.37 3 16.29 8 80
E 14.66 7 14.50 11 110
F 14.63 8 14.52 4 110
G 12.20 7 12.14 11 80
Overall - 43 - 69 140*
*Significantly different at the p=0.05 level.
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Table 1 provides a summary of the results.  It was found
that trucks on wet days weigh approximately 140 kg more
per truck than on dry days.  Comparisons for individual
trucks show no statistically significant difference between
wet and dry days. Logic would tell us, however, that big-
ger trucks should collect more mud and should weigh
more but this could not be proven statistically from this
sample.
Washing the truck and load before driving onto the
weighbridge is one way of overcoming the problem of
build up of detritus on trucks. For example, some dairy
companies in New Zealand require their milk tankers to
be washed before weighing.
Wind
Allowance should be made for the effects of wind pres-
sure on the load [1]. Weighbridge operators comment
that wind blowing on the side of a truck can affect the
readings, up or down, by 20 kg or more – even for an
empty logging truck.  If the wind is blowing horizontally
the force caused by the wind is likely to cause a shift in
the center of gravity of the load and a redistribution of
weight [11] onto the wheels on the leeward side of the
truck – possibly resulting in a variation in weighbridge
reading, depending on how evenly balanced are the load
cells supporting the weighbridge.  If, however, the wind
is blowing at a downward angle onto the truck there will
be both a redistribution of weight to the leeward side and
an increase in overall “weight” measured by the weigh-
bridge – caused by the downward force component of
the wind.  Locating the weighbridge inside an enclosure
is one way of minimizing the effects of wind.
Wind drag equations, used in the design of aerody-
namic vehicles, can be used to calculate how large a force
would be theoretically exerted on the side of a truck. These
forces can then be transformed into horizontal and verti-
cal forces through fundamental engineering principles.
A well-accepted formula for wind drag [17] is:
Force  =   r *CD *A*V2 ;
Where: r = air density,
CD = a constant depending on aerodynamic
shape of the object,
A = the “frontal” area of the object, and
V = the wind velocity vector.
This equation was used to calculate the additional
weighbridge loadings for a small sample of logging truck
configurations caused by a wind blowing at a 5o down-
ward angle, as might be found if a weighbridge were situ-
ated in the bottom of a small valley and was subjected to
downhill winds. A CD value of 1.35, part way between
that of a truck (front on) and a motorbike, was used in the
analyses for empty logging trucks. A CD value of 0.90,
similar to that of a truck (front on), was used for loaded
logging trucks. The areas of the four truck configura-
tions were calculated from photos of a known scale (see
Figure 8). The results for the four truck configurations
are shown in Table 2 and Figures 7 and 9.
Wind can increase the tare weight of an empty logging
truck by over 50 kg and of a loaded logging truck by over
80 kg. The actual values will depend on the wind speed
and trucking configuration as demonstrated in Figures 7
and 9.   Further studies are required to confirm appropri-
ate Cd values for these calculations.
Temperature and Humidity
Temperature and humidity are known to affect the load
cells used in weighbridges. Most modern weighing sys-
tems have temperature compensation systems, however.
Provided the temperature range of these compensation
systems exceeds the expected range of ambient and op-
erating variations that the weighbridge is operating un-
der there should be little effect on weighbridge readings
[3].
Table 2.   Effect of a 28 km/hr (15-knot) wind loading on calculated weighbridge readings.
Unloaded Truck Loaded Truck
Increase in Increase in
Truck Area weight reading Area weight reading
Configuration (sq.m.) (kg) (sq.m.) (kg)
Shorts Truck 16.4 14 35.9 21
Longs Truck 15.0 13 35.2 21
Bailey Bridge 19.7 17 36.3 21
Self Loader 23.3 20 54.3 32
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Figure 8. Self-loading truck with a loaded “frontal” area of 54.3 m2 about to drive onto a platform weighbridge in New
Zealand.
Figure 9.  Effect of wind loadings on weighbridge readings - self-loading configuration.
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Figure 7.  Effect of wind loading on weighbridge readings - Bailey Bridge configuration.
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Shock Loading and Vibration
Shock loading on weighing systems occurs when a
heavy object is dumped onto a weighing system, the plat-
form is bumped by a vehicle or is otherwise disturbed.
Most load cells can withstand up to 200% of their capac-
ity in side loads. If an extreme sudden loading is applied
to a weighbridge the load cells should be checked and
recalibrated [3].
Vibration from processing equipment and other sources
such as the movement of other trucks near the weigh-
bridge can cause the load cells to measure the weight of
material as well as vibration that is transmitted to them.
Vibration effects can be reduced by isolating the weigh-
ing system from vibration sources, where possible, or by
using weighing system instrumentation that automati-
cally removes vibration effects [11].
Truck Related Variation
Most logging trucks carry a range of “removable”
equipment such as tire irons, chains and tool box and
along with the spare tires and fuel these can have a sub-
stantial effect on the weight of the truck. For example,
spare tires weigh about 120 kg each.
Fuel has been identified as one of the major variables
in truck weight. Depending on fuel tank capacity and
level, fuel can account for a variation of up to 600 kg for
some logging trucks (Figure 10).
If a stored-tare weight system is used it is important to
record each time the truck is weighed whether the truck is
carrying spare tires and what its fuel loading is.
Another variable, which can effect tare weight varia-
tion, is the truck configuration.  If the truck is too long to
fit onto the weighbridge it has to be weighed in several
increments. If access to the bridge is not perfectly level,
additional weight will be registered on each reading due
to axle “shifts” and the shifts in the centers of gravity of
the truck and trailer [4].  For example, in a copy of an old
memo given to the authors by a weighbridge operator,
mention is made of a study on the effect of “end-and-
end” weighing of a 10 ton “motor lorry” where the ap-
proaches to the weighbridge were not perfectly level.  The
study found that a 74 lb (32 kg) increase in weight due to
axle shift and a 106 lb (47 kg) increase in weight due to a
1 inch (25 mm) difference in the levels of the center of
gravity were to be expected.
Human Variation
Variation in weight readings caused by humans can fit
into two categories; driver errors and bridge operator er-
rors.
Driver “errors”
Since the weight of New Zealand (North Island) truck
drivers is somewhere between 70 kg and 120 kg, whether
a driver is in or out of the cabin during the weighing
process can cause variation in both the gross and tare
weights. This problem is doubled if the truck is carrying a
passenger; e.g, when the driver is showing a new driver
the route.
Adhering to the “driver out during weighing” policy
where practical or recording whether the driver is in or
out is the best way to help reduce any variation that
could be caused by the driver.
Figure 10.  Effect of fuel loading on truck weight variation.
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Although not an error as such, another source of vari-
ation in weighbridge weights is the deliberate lightening
of loads before a tare weight is taken. Most companies
and countries would see this as fraud.
Bridge operator “errors”
Bridge operator error, although rare, can occur espe-
cially when the bridge is under high demand. The sorts of
errors that have been occasionally observed are:
- the back axle was not correctly on the bridge
- when split weighing a load an axle was reweighed when
not properly off the bridge
- the wrong truck or trailer identification number was
entered into the computer for the load that was being
weighed; thereby leading to the wrong stored-tare
weight for net payload calculations.
Some weighbridge systems automatically detect
whether the truck is fully on the weighbridge or not,
thereby minimizing the chances of the first two types of
error occurring.    Some weighbridge systems also auto-
matically read an identity tag for the truck, thereby mini-
mizing the chances of the third type of error occurring.
Unmanned Bridge “Errors”
In some parts of New Zealand weighbridges may be
unmanned because of very low demand for their use.
These unmanned bridges are operated by the truck driver
who may, or may not, remember to zero the bridge scales
before weighing the load.  To save time and quickly
determine the net load the drivers are also known to
sometimes use the permanent tare weight recorded on
the side of the truck.  The accuracy and integrity of a
weight system such as this is unknown but is unlikely to
match that of the well-maintained and manned systems
described earlier in this paper.
System-Related Variation
In the Mechanical Variation section of this paper it was
mentioned that the accuracy of weighbridges could drift
with time.  It is, therefore, important to monitor accuracy
on a regular basis. Many countries (or states) regulate
the frequency by which weighbridges have to be checked
and stamped for approved usage.  For example, both New
Zealand and Australia require weighbridges to be
“stamped” on an annual basis.  As a comparison,
Washington State requires weighbridges to be stamped
on a six-monthly basis.   Weighbridge owners can, of
course, monitor the accuracy of their weighbridges on a
more frequent basis than is legally required and arrange
for the weighbridges to be adjusted by qualified
specialists if the weighbridges are not operating within
acceptable tolerances.
A review of eleven forest owners in New Zealand, who
use weighbridges as part of their weight scaling systems,
found that there were large differences in how often the
weighbridges were checked for accuracy.   Most of the
forest companies checked their weighbridges on an an-
nual basis – in line with legal requirements.  A few, usu-
ally the larger companies, checked their weighbridges
every month or every four months.  By way of compari-
son, one large forest company in the Pacific Northwest
tests its weighbridges every three months. Comments
from New Zealand companies that checked their weigh-
bridges monthly or four-monthly indicated that they
wanted to minimize risk to themselves of long-term errors
and be able to demonstrate to their customers the integ-
rity of their weight measurement system.
A review of the same eleven forest companies indi-
cated that there was considerable difference in how often
they re-tared the trucks used in their stored-tare weight
system; ranging from weekly through to annually.  Most
companies, however, re-tared their trucks at an interval
somewhere between 2 weeks and 2 months to minimize
the effects of environmental variables (e.g., mud, snow,
and ice in particular – refer back to Table 1) on the accu-
racy of payload determination. While some companies
felt that re-taring at a fixed interval was easier to adminis-
ter (and would allow re-tarings to be scheduled evenly
throughout time or at a particular time of day), other com-
panies felt that random selection within a fixed time win-
dow would help to miminize the risk of trucks purpose-
fully being “lightened”.
Some companies had a written policy on whether the
truck driver should be in or out of the truck when it is
being weighed.   Consistency in following the policy is
also required.   For example, errors were noted at one
weighbridge because the weighbridge operator thought
the weighbridge system’s computer software automati-
cally “assumed” the driver would be out of the truck when
a gross weight was measured and in the truck when a tare
weight was measured.  The operator assumed the soft-
ware would subtract an average weight for a driver (say
80 kg) from the tare weight. These sorts of errors can be
overcome with careful development of weighbridge op-
eration procedures and training of weighbridge opera-
tors.
DISCUSSION
Although most of the sources of variation are only
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small, individually less then about 300 kg (or less than 0.7
% of a loaded truck’s weight), added together they can
be significant. Fuel, alone, can produce up to 600 kg vari-
ation in weight depending on the size of the tank and the
fullness of the tank (Figure 10).
Table 3 provides a summary of the magnitude of the
different types of variation. Based on the assumptions
outlined in Table 3 it is possible that the net weight of a
loaded truck could be plus or minus 1150 kg or 4 percent
of the actual payload [16]. It is unlikely that all of the
sources of variation would affect a truck at one time; in
fact, it is likely that some will even cancel each other out.
It does, however, highlight the need to be aware of the
possible sources of variation that can affect weight read-
ings from weighbridges.
Most of the major sources of variation are only a
problem in a stored-tare weight system. Under a tare-in
tare-out system, which uses the same weighbridge, the
combined sources of variation would only be 0.5 to 1
percent of the payload.
In New Zealand 15.8 million cubic meters of wood are
harvested annually [5]. Eighty five percent of that har-
vest volume, is weighed using a weighbridge [8]; that is,
approximately 13 million cubic meters.  A 0.5% to 1.0%
variation in weighbridge readings would represent about
65,000 to 130,000 cubic meters.  At US$25.00 per cubic
meter the value of this variation would range between
US$1.6 million and US$3.3 million annually.
The majority of the sources of variation can be minimized
by designing and maintaining the weighbridge correctly
and by following well designed procedures for the
operating and checking of a weighbridge.
Table 3.   Summary of Sources of Variation.
Source of -/+ Magnitude Assumption
Variation (kg) (based on a Bailey Bridge truck configuration)
Repeatability 40
Location on bridge 40
Mud 140
Wind 20 Assuming 28 km/hr ( 15 knots )
Fuel 400 The weight difference between the two weighings.
Removable items 180 Tools, chains, spare tire, etc.
Driver 80 Assuming an average size driver was in the truck during gross
weighing and not for the tare weight.
Drift in time 250 Assume a 1% drift over a 12 month period
Total 1150
The weighbridge and its approaches should be
designed so that water and debris do not accumulate on
the platform(s) or in the pit [15].
Most countries that use weighbridges have minimum
standards for operating weighbridges [14]. Usually these
standards are laid down in law (see Table 4).  It is impor-
tant to remember that these are just that - minimum stand-
ards.  Particularly when it comes to checking that the
weighbridges are operating within acceptable tolerances,
high use industries, like the forest industry, may benefit
from exceeding these minimum standards.
Table 4. Examples of legislation relating to weighbridges.
Country Legislation covering Weighbridges.
New Zealand Weights and Measures Act 1987
Australia Trade Measurement Act 1993
USA Each state has their own laws – guided
by US National Institute of Standards and
Technology Handbook 44
Canada Weight and Measures Act and Regula-
tions (1993)
Great Britain Weights and Measurement Act 1985
It is important for gaining control of weighbridge
accuracy to maintain and implement appropriate
procedures for operating a weighbridge. These procedures
need to cover what should, and should not, be included
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when a truck is weighed. The details of these procedures
are not as important as the fact that they are always carried
out.  The procedures should, however, include details on
whether the truck is weighed with or without the driver,
the need for passengers to be out of the truck when
weighing and the equipment that the truck should have.
The ideal situation for a log-supply-by-weight system
is to be able to tare-in and tare-out all trucks. By using the
tare-in and tare-out approach major variation, caused by
such factors as fuel and mud, can be minimized.  How-
ever, although the tare in and tare out system is becom-
ing increasingly popular, there are still many weighbridges
used by forest companies in the USA, and countries like
New Zealand, which use the stored-tare weight system.
It is important when using a stored-tare weight system
that re-tareing occurs randomly within a set time window.
This will help to minimize any systematic bias.
It is inappropriate to expect a weighing system such as
a weighbridge to weigh 100% accurately 100% of the time.
However, by keeping the possible sources of variation in
mind when building and operating a weighbridge,
inaccurate weighing can be kept to a minimum – whether
a tare-in tare-out system or a stored-tare weight system is
used.
CONCLUSION
As the average log size is getting smaller in many parts
of the world it is becoming increasingly time consuming
and expensive to individually scale each log. Weigh scal-
ing of various forms, using weighbridges, is becoming
increasingly popular.
As the use of weighbridges increases, an understand-
ing of the accuracy and integrity of weighbridge systems
grows in importance.  Weighbridges, in comparison with
some other forest mensuration and scaling activities, tend
to be very accurate.  The sources of error can be broken
down into mechanical, environmental, truck, human and
system-related. Although it is difficult to put a figure on
the possible magnitude of these errors, experiments and
calculations carried out in New Zealand as part of this
paper show that it could be as much as 4% of the payload
weight if all errors occurred simultaneously in the same
direction.   It is unlikely, however, that all sources of error
will act in the same direction at the one time.
Almost all of the variation can however be minimized
by; installing a well designed bridge, regularly maintain-
ing the bridge and following well designed procedures for
operating an accurate weighbridge system.
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